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ABSTRACT 


The structure of the external jaw adductor of Amphisbaena and Trogonophis is 
reviewed and compared to the external jaw adductor of lizards and snakes. 

The loss of the upper temporal arch and the development of a closed braincase 
by frontal and parietal downgrowths allow the origins of the different layers of the 
external adductor to expand to the temporalis—position of SAVE-SODERBERGH (1945) 
in both amphisbaenids and snakes. In both of these two groups, the profundus—and 
the medialis—layers spread to the temporalis—position rather than the superficialis— 
layer. The differentiation of the external jaw adductor took place divergently in amphis- 
baenids and snakes, however. 


INTRODUCTION 


The major subdivisions of the trigeminal jaw adductor musculature were classified 
by LUTHER (1914) according to their relative position to the branches of the trigeminal 
nerve. The posterior adductor lies mesial and posterior to the mandibular branch, the 
internal adductor lies mesial to the maxillary and anterior to the mandibular branch, 
and the externa! adductor lies lateral to both the maxillary and the mandibular branch. 

During the course of tetrapod evolution, different parts of the trigeminal jaw 
adductor musculature became enlarged in correlation with changes of skull structure 
(SAVE-SODERBERGH 1945). The expansion of jaw adductors involves the spread of their 
Origins to the temporalis—position of SAVE-SODERBERGH (1945), i.e. the spread of muscle 
Origins onto the skull roof and to a position above the otic capsules and paroccipital 
processes. In urodeles, it is the internal adductor which has become emphasised, in 
anurans it is the posterior adductor and in reptiles it is the external adductor which 
expand to the temporalis—position (SAVE-SGDERBERGH 1945). The functional reasons 
for these modifications are poorly understood. 
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Following this pattern of change, it is the external jaw adductor which is expected 
to show the greatest structural variation among the various groups of reptiles. The 
external adductors of lizards and snakes are now fairly well known, and although the 
muscles differ extensively in the two groups, homologies can be established (RIEPPEL, 
in prep.). Cranial muscles of amphisbaenids are very poorly known, however. LAKJER 
(1926) described the trigeminal jaw adductor musculature of Amphisbaena alba, and 
Haas (1973) added some observations on Trogonophis wiegmanni. KESTEVEN (1957) gives 
only a few cursorial comments on the cephalic and cervical muscles of a large, uniden- 
tified amphisbaenid. 
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The skull of Amphisbaena alba (MBS 19677), right lateral view. Abbreviations: ar, articular; 

bo, basioccipital; c, coronoid; d, dental; ec, ectopterygoid; f, frontal; m, maxilla; n, nasal; 

ot-oc, otico-occipital complex; p, parietal; pm, premaxilla; prf, prefrontal; q, quadrate; 
sang, surangular; sm, septomaxilla. 


The descriptions of LAKJER (1926) and Haas (1973) are difficult to follow and to 
compare with the lacertilian pattern of jaw adductors. It was thus felt desirable to 
review the structure of the external adductor of amphisbaenids in order to establish 
homologies with the lacertilian external adductor. The amphisbaenid genera investigated 
include Trogonophis and Amphisbaena. Trogonophis is generally considered to be a 
primitive, and Amphisbaena to be an advanced representative of the group (GANS 1974). 


MATERIAL AND METHODS 


The investigation of the external jaw adductor is based on the following specimens, 
all belonging to the reptile collection of the Natural History Museum, Basel (MBS): 


Amphisbaena alba Linnaeus: MBS 19675 
Amphisbaena fuliginosa Linnaeus: MBS 5838, 13818 
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Trogonophis wiegmanni elegans (Gervais): MBS 13254, 18368 
Trogonophis wiegmanni wiegmanni Kaup: MBS 8940 


Of all specimens, both head sides were dissected under a dissecting microscope of 
the type WILD M4A, equipped with a camera lucida. 


THE LACERTILIAN CONDITION 


LAKJER (1926) subdivided the external jaw adductor of lizards into three layers 
according to the sites of fibre insertions. His definitions have been further elaborated 
by Haas (1973) and RIEPPEL (1978) and will be summarized below. The internal tendinous 
skeleton of the jaw adductors has been described by JORDANskKy (1970) and Gomes (1973). 

The superficialis—layer of the external adductor (1b) is defined by its insertion 
into the lateral surface of the lower jaw. It usually consists of a posteroventral fleshy 
portion originating from the crista tympanica of the quadrate and from the lateral 
surface of the quadrate aponeurosis, and inserting into the lateral surface of the suran- 
gular bone. A second, pinnate portion originates from the upper temporal arch and 
inserts into the lateral edge of the lateral tendinous septum of the bodenaponeurosis, 
which intersects both the medialis—and the superficialis—layers. 

The levator anguli oris muscle is the most superficial layer of the lateral jaw adduc- 
tors. It originates from the upper temporal arch and, sometimes, from the quadrate, 
and inserts into the dorsal bend of the rictal plate. It is usually considered to be a part 
of the superficialis—layer (la). 

Following LAKJER (1926), the medialis—layer of the external adductor is defined 
by its insertion into the lateral surface of the bodenaponeurosis. It actually consists of 
two parts. The pinnate portion primitively originates from the mesioventral edge of the 
upper temporal arch, from the fascia covering the posterior part of the upper temporal 
fossa, from the supratemporal and parietal along the posterior half of the mesial margin 
of the upper temporal fossa and from the dorsal bend of the quadrate aponeurosis. 
It inserts into the upper and lower surface of the lateral septum of the bodenaponeurosis, 
and into the lateral surface of the bodenaponeurosis itself. More caudal fibres originate 
from the mesial surface of the lateral vertical sheet of the quadrate aponeurosis, from 
the lower surface of the latter’s dorsal bend and from the shaft of the quadrate. They 
insert directly into the dorsomesial edge of the surangular bone. 

The profundus—layer of the external adductor is defined by its insertion into the 
mesial surface of the bodenaponeurosis. It consists of two separate heads (3b and 3c 
of LAKJER 1926). The 3b—head originates from the mesial and ventral surface of the 
supratemporal and of the supratemporal process of the parietal along the dorsal margin 
of the posttemporal fossa. The 3c—head originates from the dorsal surface of the 
prootic and from the anterodorsal and anterior surface of the paroccipital process. 
For further details see RIEPPEL (1978, and in prep.). 


RESULTS 


The external jaw adductor of Amphisbaena 


In comparison to lizards, Amphisbaena is characterized by a simplification of the 
external adductor, and by an expansion of the medialis—and profundus—layers. 
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Upon removal of the skin, a large temporal muscle mass is exposed, covered by 
a temporal fascia (Fig. 2a). The rictal plate lies directly on the lateral surface of the 


large coronoid process. 
An anterior fibre bundle inserts into the dorsal edge of the rictal plate and into 


the lateral surface of the basal part of the bodenaponeurosis closely above the apex | 


of the coronoid process. It represents the superficialis—layer of the external adductor, 
incorporating the levator anguli oris muscle (Fig. 2a, b). 
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The external jaw adductor of Amphisbaena fuliginosa (MBS 5838). Abbreviations: amem, 
add. mand. externus medialis; amep, add. mand. externus profundus; ames, add. mand. externus 
superficialis; bo.ap, bodenaponeurosis; dm, depressor mandibulae; lao, levator anguli oris; 
|.q.ap, lateral quadrate aponeurosis; m.ps, m. pseudotemporalis; m.pt, m. pterygoideus; 


m.q.ap, mesial quadrate aponeurosis; ps.p, pseudotemporalis profundus; ps.s, pseudotemporalis ` 


superficialis; g.ap, quadrate aponeurosis; qml, quadrato-maxillary ligament; rao, retractor 
anguli oris; rpl, rictal plate. 


From the lateral edge of the mandibular condyle of the quadrate and from the 
lateral surface of an internal tendinous sheet attached to the lateral edge of the shaft of 
the quadrate originate muscle fibres which insert into the mesial surface of the quadrato— 
maxillary ligament and into the mesial surface of the caudal edge of the rictal plate 
(Fig. 2a, b). This muscle represents the retractor anguli oris of LAKJER (1926) and 
Haas (1973). 


The medialis—layer of the external adductor is a huge muscle mass which originates i 


from the mesial surface of the temporal fascia, from the midline raphe running along 
the sagittal crest of the parietal and from the fascia covering the epaxial cervical muscles” 
(Fig. 2b). All fibres insert into the lateral surface of the large bodenaponeurosis (Fig. 2c). 
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The bodenaponeurosis is a large tendinous sheet which is attached to the apex of 
the coronoid process (Fig. 2c). 

The profundus—layer of the external adductor is a thick muscle mass which origin- 
ates from the sagittal crest of the parietal, from the laterodorsal and lateral surface of 
the parietal, from the lateral, laterodorsal and dorsal surface of the otico-occipital 
complex and from the large occipital crest projecting above and behind the occipital 
condyle. Further fibres take their origin from the lateral surface of the cephalic condyle 
of the quadrate. All fibres insert into the mesial surface of the bodenaponeurosis 
(Fig. 2d, e). 

The quadrate aponeurosis of Amphisbaena consists of two parallel tendinous sheets. 
The lateral one is attached to the lateral edge of the shaft of the quadrate (Fig. 2b), 
the deep one is attached to the anterior (mesial) crest of the quadrate (Fig. 2e). 

From the lateral surface of the lateral tendinous sheet originates the retractor 
anguli oris muscle as described above. From the mesial surface of the lateral tendinous 
sheet originate fibres which insert into the lateral surface of the basal part of the bodena- 
poneurosis and into the lateral surface of the surangular and of the caudalmost part of 
the coronoid. Deep fibres insert into the lateral surface of the deep tendinous sheet 
(Fig. 2b-e). 

Fibres which originate from the dorsal part of the mesial surface of the deep ten- 
dinous sheet insert into the caudal edge of the surangular (Fig. 2e). Fibres which originate 
from the anterior part of the mesial surface of the deep tendinous sheet insert into the 
lateral surface of the surangular (Fig. 2e). 


The external jaw adductor of Trogonophis 


Trogonophis differs from Amphisbaena in the development of a lateral septum of 
the bodenaponeurosis which intersects the medialis—layer of the external adductor as 


| in lizards (Fig. 3a-c). 
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The superficialis—layer of the external adductor of Trogonophis is restricted to an 
anterior position as in Amphisbaena (Fig. 3a). It inserts into the dorsal bend of the 


| rictal plate, into the apex of the coronoid process, into the lateral surface of the anterior 


part of the bodenaponeurosis and into the dorsal surface of the basal part of the latter's 
lateral septum. As in Amphisbaena, this muscle incorporates the levator anguli oris. 
The retractor anguli oris muscle originates from the lateroposterior edge of the 
quadrate and from the lateral surface of the anterior part of the quadrate aponeurosis 
(Fig. 3a, b). It inserts into the mesial surface of the quadrato—maxillary ligament and 
into the mesial surface of the caudal part of the rictal plate. 
The medialis—layer of the external adductor originates from the midline raphe 


1 running along the sagittal crest of the partietal, from the fascia covering the epanial 


cervical muscles and from the lateral surface of the cephalic condyle of the quadrate 


I (Fig. 3a, b). The insertion is into the upper and lower surface of the lateral septum of 


the bodenaponeurosis, as well as into the lateral surface of the bodenaponeurosis above 


| and below the lateral septum (Fig. 3b). 
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The profundus—layer of the external adductor originates from the laterodorsal and 
lateral surface of the parietal and of the otico—occipital complex (Fig. 3c). It inserts 
into the mesial surface of the bodenaponeurosis. Some fibres originate from the mesial 


the bodenaponeurosis (Fig. 3c). 
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FIG. 3. 


The external jaw adductor of Trogonophis wiegmanni (composite). 
Abbreviations as in Fig. 2. 


THE EXTERNAL JAW ADDUCTOR OF AMPHISBAENIDS 873 


The quadrate aponeurosis consists of a triangular tendinous sheet attached to the 
lateral edge of the cephalic condyle of the quadrate (Fig. 3c). From the lateral surface 
of its anterior part originate fibres of the retractor anguli oris muscle. From its mesial 
surface, as well as from the lateral surface of the anterior (mesial) crest of the quadrate, 
originate fibres which insert into the lateral surface of the surangular and of the coronoid 
process. Some fibres insert into the lateral surface of the basal part of the bodenapo- 
neurosis (Fig. 3c). 


A comparison of the amphisbaenian with the lacertilian external jaw adductor 


In comparison to lizards (out-group comparison sensu KLUGE 1976), the jaw adduc- 
tors of Trogonophis appear to be more primitive than those of Amphisbaena. The great 
majority of lizards as well as TJrogonophis show a lateral septum of the bodenaponeurosis 
which intersects the medialis—layer of the external adductor. This lateral septum is 
lacking in Amphisbaena. Another primitive feature of the jaw musculature of Trogo- 
nophis is the presence of a superficial (ventral) layer of the pterygoideus muscle (Fig. 3a). 
This muscle is present in lizards but it is lacking in Amphisbaena (HAAS 1973; Fig. 2a). 

The single quadrate aponeurosis of Trogonophis corresponds to the lateral quadrate 
aponeurosis of Amphisbaena and to the lateral vertical sheet of the quadrate aponeurosis 
of lizards. The mesial quadrate aponeurosis of Amphisbaena is here considered to 
represent a specialisation of this genus. The homologue of the lacertilian superficialis— 
layer of the external adductor (posteroventral fleshy and pinnate 1b) has become separ- 
ated in amphisbaenids to form an anterior and a posterior portion. The anterior portion 
incorporates the levator anguli oris muscle which inserts into the rictal plate. Deep 
fibres of the anterior portion of the external adductor insert into the lateral surface of 
the bodenaponeurosis and hence have to be considered as medialis—fibres. Conse- 
quently, the anterior superficial portion of the external adductor of amphisbaenids 
is to be considered as a composite product of the levator anguli oris muscle, of the 
pinnate superficialis—and of part of the medialis—layer of the external adductor of 
lizards. 

The retractor anguli oris muscle of amphisbaenids originates from the lateral edge 
of the quadrate and from at least part of the lateral surface of the quadrate aponeurosis. 
It is thus considered to be homologous to the posteroventral fleshy superficialis—portion 
of the external adductor of lizards. In Lanthanotus, a platynotan lizard, levator anguli 
oris fibres which originate from the cephalic condyle of the quadrate have differentiated 
into a separate head (RIEPPEL 1978), forming the retractor anguli oris of Haas (1973). 
HAAS (1973) stresses the similarity of Lanthanotus and amphisbaenids with respect to 
the retractor anguli oris muscle, but I consider the retractor anguli oris of amphis- 
baenids to be homologous to the posteroventral fleshy 1b—portion of lizards rather 
than to the retractor anguli oris muscle of Lanthanotus. 

In the primitive lacertilian condition, medialis—fibres of the external adductor 
originate from the upper temporal arch and from the supratemporal and parietal along 
the caudal half of the mesial margin of the upper temporal fossa. In amphisbaenids, 
the upper temporal arch is lost (Fig. 1), and consequently the medialis—fibres originate 
from the mesial surface of the temporal fascia. But the medialis—fibres of amphisbaenids 
also lose all origin from the parietal due to the extensive development of the profundus— 
layer, whose origin expands all across the lateral and laterodorsal surface of the brain- 
case (parietal). A similar development though less pronounced may be observed in 
some lizards such as cordylids (RIEPPEL, in prep.) or anguids (RIEPPEL 1978). In these 
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forms, the origin of the profundus—layer of the external adductor invades the lateral 
edge of the parietal along the mesial margin of the upper temporal fossa, expanding 
anteriorly and excluding the origin of medialis—fibres from the parietal. 

Those fibres which originate from the mesial surface of the quadrate aponeurosis 
in Trogonophis correspond to the medialis—fibres of lizards which take their origin 
from the mesial surface of the lateral vertical sheet of the quadrate aponeurosis. In com- 
parison to lizards, the insertion of these fibres has shifted from the dorsomesial edge to 
the lateral surface of the surangular in Trogonophis, and expanded anteriorly to reach 
the coronoid process. Amphisbaena is specialised by the inclusion of a second aponeurotic 
sheet intersecting these medialis—fibres. 


A comparison of the amphisbaenian with the ophidian external jaw adductor 


Snakes are characterized by a tri-partite external jaw adductor (Fig. 4). It consists 
of an anterior superficialis-, a mesial medialis-, and a posterior profundus-layer (three- 
externi type of HAAs 1962, 1973). An anterior bundle of the superficialis-layer may 
form a separate head inserting into the rictal plate (levator-anguli-oris type of HAAS, 
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Schematic view of the external jaw adductor of snakes 
(three externi type of Haas, 1962, 1973). 
Abbreviations as in Fig. 2. 


1962, 1973). A consideration of the homologies of these three portions of the external 
adductor shows, that the profundus-layer of snakes corresponds to the superficialis— 
and medialis—fibres which originate from the quadrate and from the quadrate apo- 
neurosis in lizards. The medialis-layer of snakes corresponds to the pinnate medialis- 
layer and to the 3b—and 3c—heads of the profunds-layer of lizards. It may include 
some superficialis-fibres. The superficialis-layer of snakes is homologous to the pinnate 
superficialis-layer of lizards (RIEPPEL, in prep.). 

Both groups, snakes as well as amphisbaenids show similar changes of skull struc- 
ture in comparison to lizards. The upper temporal arch is lost, and a closed braincase 
is formed by extensive frontal and parietal downgrowths and by the development of a 
closed occiput (Fig. 1). In both groups, the postorbital region of the skull is elongated 
relative to the preorbital region of the skull. These structural and proportional modifi- 
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cations of the skull of amphisbaenids and snakes produce similar topographical changes 
in the different portions of the external adductor. 

In both groups, the fibres homologous to the pinnate portion of the superficialis- 
layer of lizards remain restricted to an anterior position. They are separated from the 
fibres homologous to the posteroventral fleshy 1b of lizards which originate from the 
quadrate and from the lateral surface of the quadrate aponeurosis. 

In both group, amphisbaenids and snakes, the profundus-layer of the external 
adductor which is homologous to the 3b-—and 3c—heads of lizards, expands anteriorly 
along the lateral surface of the parietal below, i.e. deep to the fibres which are homologous 
to the pinnate medialis-layer of lizards. 

Apart from these similarities there are profound differences of muscle differenti- 
ation in the two groups. In snakes, the external adductor becomes reorganized and 
subdivided in an antero-posterior direction (Fig. 4). In amphisbaenids, the external 
adductor forms a large temporal muscle mass which is not subdivided in an antero- 
posterior direction. 

Apart from a few primitive genera, snakes tend to lose the internal tendinous 
Skeleton of the external adductor what results in the formation of elongated, parallel- 

_ fibered muscles (GANs & Bock 1965). Amphisbaenids on the contrary retain an extensive 
| internal tendinous skeleton which subdivides the external adductor into short fibred 
layers in a transvers plane. Such differences most probably result from different func- 
tional demands in the two groups. The snake skull is highly kinetic, whereas the 
| amphisbaenid skull is akinetic except perhaps in iuvenile specimens (KRITZINGER 1946). 


SUMMARY 


The skull of amphisbaenids and of snakes shows parallel structural modifications 
in comparison to lizards. The upper temporal arch is lost, and the braincase is closed 
by the development of extensive frontal and parietal downgrowths, and by the closure 
of the occiput. This allows the origins of the different layers of the external jaw adductor 
to spread further to the temporalis-position of SAVE-SODERBERGH (1945). In both groups, 

it is the profundus—and the medialis—layers which spread to the temporalis-position 
| rather than the superficialis-layer of the external adductor. In amphisbaenids, the 
` profundus-layer of the external adductor becomes maximally developed. 

| On the other hand, profound differences are manifest in the differentiation of the 
| external adductor of amphisbaenids and of snakes. Snakes show the subdivision of a 
| reorganized external adductor into three elongated, parallel-fibred portions in an antero- 
| posterior direction. In amphisbaenids, the external adductor forms a large temporal 
| muscle mass, subdivided into short-fibred layers by a well developed internal tendinous 
ı skeleton in the transverse plane. 
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